PC(18:0/22:4) 1.9E+00 ± 1.7E-01 2.3E+00 ± 7.8E-02 2.3E+00 ± 5.9E-02 2.3E+00 ± 5.8E-01 2.4E+00 ± 1.3E-01 2.5E+00 ± 1.3E-01 PC(18:0/22:4)-OOH N.D. N.D. N.D. N.D. N.D. N.D. PC(18:0/22:6) 7.0E+00 ± 6.7E-01 7.1E+00 ± 2.8E-01 6.3E+00 ± 4.6E-01 5.8E+00 ± 2.2E-01 5.9E+00 ± 2.8E-01 6.3E+00 ± 1.9E-01 PC(18:0/22:6)-OH N.D. 5.1E-03 ± 5.3E-03 2.2E-03 ± 1.6E-03 N.D. N.D. 1.6E-03 ± 1.5E-03 PC(18:0/22:6)-OOH N.D. N.D. N.D. N.D. N.D. 2.3E-04 ± 4.0E-04 PC(18:1/18:2) 1.7E+01 ± 3.8E-01 1.9E+01 ± 9.8E-01 1.9E+01 ± 1.5E-01 1.5E+01 ± 1.8E+00 1.7E+01 ± 8.4E-01 1.4E+01 ± 1.PC(18:1/20:4)-OH 3.1E-03 ± 5.4E-03 1.1E-01 ± 3.6E-03 5.8E-02 ± 6.4E-03 N.D. 1.5E-02 ± 6.7E-03 5.7E-02 ± 1.1E-02 PC(18:1/20:4)-OOH N.D. 1.1E-03 ± 1.1E-03 9.8E-03 ± 1.8E-03 N.D. N.D. 1.9E-03 ± 1.7E-03 PC(18:1/22:6) 4.5E+00 ± 4.0E-01 4.7E+00 ± 1.9E-01 4.2E+00 ± 1.6E-01 2.6E+00 ± 1.5E-01 4.5E+00 ± 1.2E-01 3.9E+00 ± 2.6E-01 PC(18:1/22:6)-OH N.D. 1.5E-03 ± 1.4E-03 N.D. N.D. N.D. 3.9E-04 ± 6.7E-04 PC(18:1/22:6)-OOH N.D. 2.2E-04 ± 3.9E-04 N.D. N.D. N.D. 3.8E-04 ± 6.5E-04 PC(18:2/20:5) 5.1E-01 ± 1.4E-02 6.2E-01 ± 1.8E-02 5.7E-01 ± 3.1E-02 N.D. 6.2E-01 ± 2.4E-02 4.7E-01 ± 4.5E-02 PC(20:0/20:5) 6.0E+00 ± 3.6E-01 7.5E+00 ± 1.5E-01 7.5E+00 ± 1.7E-01 5.1E+00 ± 6.3E-01 6.2E+00 ± 5.8E-01 5.6E+00 ± 5.6E-01 PC(20:0/20:5)-OH N.D. 1.3E-03 ± 1.3E-03 2.3E-03 ± 6.8E-04 N.D. 1.2E-03 ± 2.0E-03 1.3E-03 ± 1.2E-03 PC(20:0/20:5)-OOH N.D. N.D. N.D. N.D. N.D. 2.7E-04 ± 4.7E-04 PC(20:3/22:6) 1.4E+00 ± 4.3E-02 1.9E+00 ± 1.5E-01 2.8E+00 ± 1.3E-01 1.2E-01 ± 8.0E-02 2.7E+00 ± 2.4E-02 3.6E-01 ± 9.1E-03 PC(20:4/20:4) 8.3E-01 ± 6.6E-02 1.6E+00 ± 1.2E-01 2.1E+00 ± 6.5E-02 1.4E-01 ± 5.6E-02 2.5E+00 ± 2.6E-01 4.1E-01 ± 2.6E-02 PC(20:4/22:4) 9.3E-01 ± 1.9E-01 1.3E+00 ± 4.3E-02 1.9E+00 ± 5.2E-02 7.7E-02 ± 6.4E-02 1.9E+00 ± 3.1E-02 2.7E-01 ± 2.4E-02 PC(20:4/22:4)-OH 3.2E-02 ± 2.9E-02 8.0E-04 ± 1.4E-03 1.2E-03 ± 9.0E-04 1.8E-01 ± 5.2E-02 2.2E-03 ± 2.3E-03 2.3E-03 ± 1.3E-03 PC(20:5/22:5) 5.2E-01 ± 8.6E-02 1.1E+00 ± 1.3E-01 1.2E+00 ± 1.0E-01 1.5E-02 ± 2.6E-02 1.6E+00 ± 1.2E-01 3.6E-01 ± 1.1E-02 PC(O-16:0/18:2) 3.9E+00 ± 2.1E-01 4.1E+00 ± 3.7E-01 4.2E+00 ± 1.9E-01 1.8E+00 ± 1.2E-02 3.6E+00 ± 1.2E-01 5.7E+00 ± 3.0E-01 PC(O-16:0/18:2)-OOH 7.2E-02 ± 2.5E-02 1.2E-01 ± 2.2E-03 1.4E-01 ± 2.3E-02 3.2E-02 ± 2.8E-02 1.9E-01 ± 4.2E-02 3.9E-01 ± 2.2E-02 PC(O-16:0/20:3) 1.6E+00 ± 1.1E-01 1.9E+00 ± 8.1E-02 1.8E+00 ± 8.2E-02 1.9E-01 ± 5.6E-02 1.6E+00 ± 9.0E-02 3.3E+00 ± 6.9E-02 PC(O-16:0/20:3)-OOH 5.7E-03 ± 5.1E-03 1.4E-01 ± 1.7E-02 3.9E-02 ± 3.3E-03 N.D. 2.6E-03 ± 2.8E-03 4.1E-02 ± 2.7E-
Supplmental Materials and Methods

Materials
MitoTracker Deep Red, tetramethylrhodamine (TMRM), and 5,5',6,6'-tetrachloro1,1',3,3'-tetraethylbenzimidazolyl carbocyanine iodide (JC-1) were purchased from Invitrogen (Carlsbad, CA, USA). All the lipid standards were purchased from Avanti Polar Lipids Inc. (Alabaster, AL, USA). 10-nonylacridine orange bromide was purchased from Life Technology (Grand Island, NY, USA).
All other reagents were purchased from Sigma-Aldrich unless indicated.
Cell lines and cell culture conditions
Mouse embryonic cells (MECs), HeLa cells, and cardiolipin synthase (CLS) knockdown cells were maintained in Dulbecco's Modified Eagle's Medium (DMEM) with 15% fetal bovine serum (FBS), supplemented with 25 mM Hepes, 50 mg/L uridine, 2mM glutamine, 1× nonessential amino acids, 2'mercaptoethanol, 100 U/ml penicillin, and 100 µg/ml streptomycin. Cells were grown in incubators with controlled temperature of 37 o C, CO 2 of 5% and humidity of 95%. Cells were harvested by trypsinization for further analysis.
Phosphatidylserine externalization
At the end of incubation, both adherent cells and floating cells in the medium were harvested and incubated with annexin V-FITC conjugate for 5 min in 1× binding buffer for the determination of phosphatidylserine (PS) externalization.
Cells were analyzed by flow cytometry (FACScanto II, BD, NJ, USA) and data were analyzed using FlowJo software (Tree Star, Inc., Ashland, OR).
Caspase activity
Caspase activity was evaluated using caspase-Glo 3/7 kit (Promega, Madison, WI) according to the instructions provided by the supplier. Briefly, after 3 freezethaw cycles, cells were mixed with assay reagents in a 96-well white walled clear bottom plate and incubated in dark for 30-60 min. Fluorescence values were obtained from each well using a "Fusion α" universal microplate analyzer (PerkinElmer, Shelton, CT).
TUNEL assay for DNA fragmentation from apoptosis
The terminal deoxytransferase-mediated dUTP nick end-labeling (TUNEL) assay was performed as previously described 14 . DAPI stain was used to label all nuclei.
The total number of cells indicated by DAPI staining and the number of cells undergoing apoptosis indicated by TUNEL staining were counted semiautomatically. Three random fields on each slide were counted and at least 600 cells were counted on each slide.
Analysis of phospholipids and their oxygenated molecular species by Solid phase extraction (SPE)-2D-LC-MS
SPE method
First, the SPE cartridge (Strata® NH2 (55 µm, 70 Å), 100 mg / 1 mL, purchased from Phenomenex California, USA) was preconditioned with a mixture of 7.5 mL
